Background: In epidemiological studies on neck-shoulder disorders, physical examination by health professionals, although more expensive, is usually considered a better method of data collection than self-administered questionnaires on symptoms. However, little is known on the comparison of these two methods of data collection. The agreement between self-administered questionnaires and the physical examination on the presence of neck-shoulders disorders was assessed in the present study.
Background
Musculoskeletal disorders are among the principal causes of activity limitation and long term disability [1] [2] [3] . In 2004 musculoskeletal disorders accounted for 38% of work-related problems compensated by the Quebec Workers' Compensation Board (CSST) [4, 5] . For the same year, new cases of musculoskeletal disorders (including low back pain) resulted in nearly 130 million dollars in salary compensation alone [4, 5] . In the United States, musculoskeletal disorders accounted for 30% of the injuries and illnesses with days away from work in 2005 [6] . According to the US Bureau of Labor Statistics, the median length of absence resulting from musculoskeletal disorders was 9 days; among those problems, shoulders disorders resulted in the longest absences from work with a median of 15 days [6] .
In epidemiological studies, data on neck-shoulder disorders are often collected by physical examination [7, 8] , by questionnaire [9] [10] [11] [12] [13] [14] [15] or with both instruments [16] [17] [18] [19] [20] [21] [22] [23] [24] . Physical examination by health professionals is usually recognized as more objective than questionnaires. However, questionnaires permit data collection on many participants for a fraction of the cost and time of a physical examination. Few epidemiological studies on neck and upper extremity musculoskeletal disorders have systematically compared the findings of questionnaires with those obtained by physical examination [16, 19, [22] [23] [24] [25] . Only four studies published in English have reported the sensitivity and specificity of a questionnaire compared to clinical examination of the neck-shoulder region to identify individuals with neck-shoulder disorders [16, 19, 23, 24] .
The present study was part of a larger investigation on the prevalence of musculoskeletal disorders among video display unit (VDU) users [26] . The main objective of the present study was to assess the agreement between a selfadministered questionnaire and the physical examination made by a health professional on the presence of musculoskeletal disorders of the neck-shoulder region. Secondary objectives were to assess the effects on the agreement of different questionnaire and physical examination definitions and the importance of the time interval elapsed between the administrations of the tests.
Methods
Study setting and selection of participants Study participants were selected from a population of 627 women and men working in a large university and in other institutions involved in university services. To be eligible, the workers had to meet the following criteria: 1) be a clerical worker, technician, professional or executive, and 2) use a VDU for at least five hours per week. All participants had to provide an informed consent. This study was approved by the ethics committees of all the institutions involved.
Neck-shoulder disorders were defined by the presence of symptoms for at least three days during the last seven days, with peak pain intensity in the last week greater than 50 millimeters on a 100-millimeter visual analogue scale (VAS). For the agreement study, all workers meeting this definition of neck-shoulder disorders (n = 85) and a random 20% of those that did not meet this definition (n = 102) were selected. The final sample for this agreement study thus included 187 workers.
Data collection
Arrangements had been made with the employers to allow data collection during working hours. Workers completed a self-administered questionnaire at their workstation. They were also asked to attend a physical examination at the workplace. All workers were seen between March 1994 and May 1996.
Questions related to the presence, duration and intensity of symptoms were taken from the Standardized Nordic Questionnaire [27, 28] and from a standardized questionnaire used in previous studies conducted in the United States [9, [29] [30] [31] . Specific questions about functional limitations were also included [28, 29] . The presence of musculoskeletal symptoms during the last six months was recorded, as was the number of days where the symptoms were present during the last seven days. Workers who reported pain in the neck-shoulder region for at least three days during the last seven days, with the worst pain intensity in the last week marked above 50 millimeters on the 100-millimeter VAS [32] were considered as cases. This case definition was labeled "the primary questionnaire definition". Similar case definition based on symptom duration and pain intensity has been used in previous studies to define neck-shoulder disorders [9] . Other definitions were used in order to assess the usefulness of adding criteria related to limitations in activities of daily living (ADL). Limitations in ADL were computed as the average score of nine items rated from 1 to 5 (turn head side ways, put an object on a higher shelf, look downward, fall asleep, put on coat, drive car for more than 30 miles, lift or carry an object weighting more than ten pounds, comb hair and do usual work). Workers meeting the primary definition criteria and having an average score equal to or greater than 2 were then defined as cases for the ADL limitations definition. Other definition criteria related to limitation in work, household and leisure activities were coded as yes/no items ( Table 1 ).
The physical examination was performed according to a standard protocol used in previous studies [29, 31] . At the beginning of the study, a sample of ten participants was successively examined by two occupational therapists blind to each other's scoring. Discordant results were discussed to ensure standardization of the procedures. After standardization of the procedure, the same trained occupational therapist, blind to the participants' questionnaire answers, performed all the physical examinations. The physical examination was composed of 78 items, of which 18 were related to the neck-shoulder region. The examination included measures of active range of motion (ROM) and muscular strength. Active range of motion was measured with a universal goniometer (360 degrees) and a small half-circle goniometer (180 degrees). Measured joint movements were: neck flexion, extension and lateral rotations, shoulder flexion, abduction and external rotation, wrist flexion and extension and movements of the fingers including thumb flexion and extension. Muscular strength was assessed by manual muscle testing. All these maneuvers aimed at assessing the integrity and the performance of the structures and the soft tissues surrounding joints. Decrease in ROM was considered significant if it was 30% or less of the normal expected active range of motion, based on the norms of the American Academy of Orthopaedic Surgeons [33] . Decrease in muscular strength was considered significant if it was scored 4 or less on the Lovett scale [34] . After performing each maneuver, the subject was asked to record his/her pain level on an 11-point numerical rating scale (NRS). NRS are more appropriate to use in face-to-face and telephone interviews than VAS, and their psychometric qualities are comparable to those of VAS [35, 36] . Pain was considered significant if it was reported at the relevant site during maneuvers and was of moderate intensity or worse (a score of 3/10 or more).
The primary physical examination case definition identified those showing limited range of motion or decreased muscular strength or the presence of site-specific pain during maneuvers. Two other definitions were also used: one based solely on decreased range of motion or muscular strength and another based solely on pain manifested during maneuvers (see Table 1 for complete definitions).
Analyses
Data analyses were performed with the SAS software. All workers were classified as cases or non-cases according to each of the questionnaire and physical examination definitions. The prevalence of musculoskeletal disorders in the neck-shoulder region measured according to the five questionnaire and the three physical examination definitions was estimated for the entire VDU study sample. This was done on the basis of workers who were examined (n = 187), using a weighted sum of the proportion of physical examination cases among workers negative and positive to the questionnaire.
Cohen's Kappa and global percent agreement were used as measures of agreement between results obtained from the self-administered questionnaire and the physical examination [37] . Cohen's Kappa is a measure of agreement corrected for the agreement that could be expected by chance alone [38] [39] [40] . For all Kappa values, 95% confidence intervals were calculated [37] . Landis and Koch 
Prevalence (%)
Questionnaire Primary definition : Presence of symptoms for at least 3 days during the last 7 days, with worst pain intensity greater than 50 mm on the 100 mm VAS scale.
17.1
Limitations in activities of daily living : Primary definition and a score equal or greater than 2 on the functional limitations scale. 
8.2

Limitations in work activities
26.2
Definition based solely on pain manifested during maneuvers :
• Pain of moderate intensity or worse (≥ 3 on the 11-point Numerical Rating Scale) produced at the relevant site during any maneuver.
*Measured as yes/no items
(1977) [41] and Fleiss (1981) [37] have presented different ranges of values for Kappa according to the degree of agreement they suggest. According to them, Kappa values lower than 0.40 represent a poor agreement beyond chance, values between 0.40 and 0.75 are considered as fair to good agreement beyond chance and Kappa values higher than 0.75 represent excellent agreement beyond chance. The global percent agreement is the raw proportion of workers with the same classification on both measures [42] . Percent agreement among cases and non-cases, which corresponds to positive and negative predictive values, was also calculated, as well as sensitivity and specificity [43] . Finally, a stratified analysis was performed to determine the effect on the agreement of the time elapsed between the administrations of the questionnaire and the physical examination. The chi-square test was used to compare percentages.
Results
The participation rate was 84% (89.2% for the cases and 77.7% for the non-cases according to the primary questionnaire definition). The VDU users in the agreement study were similar on demographic and occupational characteristics to all VDU users. Study participants were primarily female (83%). The mean age was 44 years. More than 80% of the participants were clerical workers, 11% were professional and executives and 7% were technicians. The average use of VDU was 20 hours per week.
According to the questionnaire definitions, the prevalence of musculoskeletal disorders varied from 2.9% to 17.1% (Table 1) . More positive neck-shoulder findings were reported from the physical examination than from the self-administered questionnaire.
The distribution of participants according to the primary definitions (questionnaire and physical examination) and agreement values are presented in Table 2 . The comparison of the primary definitions yielded a Kappa of 0.44 and a 72% global agreement. Among questionnaire cases, 79% had a positive physical examination while among non-cases, 66% were negative on examination.
We investigated whether different questionnaire and physical examination definitions would influence the agreement. Table 3 presents measures of agreement between the five questionnaire definitions and the primary physical examination case definition. Sensitivity and specificity are also presented. Kappa and global percent agreement obtained with the questionnaire definition that required limitations in ADL were similar to measures obtained with the primary questionnaire definition. The definition that included limitations in work activities resulted in the lowest Kappa coefficient of the study (k = 0.19). Percent agreement was always higher among cases than non-cases. Percent agreement among cases (positive predictive value) tended to increase with the inclusion of the functional limitation criteria (Table  3) . For the non-cases, global percent agreement (negative predictive value) varied little, remaining around 60% for all functional limitation definitions. The inclusion of the functional criteria to the primary questionnaire definition increased specificity but decreased sensitivity figures.
When the primary questionnaire definition was compared with the three physical examination definitions, the Kappa varied from 0.30 to 0.48 (Table 4 ). The Kappa was lowest (0.30) when the physical definition was based only on decreased range of motion or muscular strength. The global percent agreement (66%), sensitivity (64%) and specificity (67%) were also somewhat lower with this definition. The global percent agreement tended to be similar for the physical examination definition based solely on pain manifested during maneuvers (74%) compared to the primary definition (72%). In this comparison, the Kappa values also tended to be similar (0.48 vs 0.44). Among cases, the percent agreement decreased with both alternative physical examination definitions compared to the primary definition. The definition based solely on decreased range of motion or muscular strength yielded a value for agreement among cases of 55%. Among noncases, the percent agreement increased with both alternative definitions (75% and 82% compared to 66% for the primary physical examination definition). The percent agreement was higher among questionnaire cases compared to non-cases with the primary definition and was higher among non-cases for the two alternative definitions.
Finally, we investigated whether the time elapsed between the administrations of the two tests influenced the agreement. There was an average of 38 days (range: 2 to 187) elapsed between the administrations of the questionnaire and the physical examination. A global agreement of 77% was observed for the shortest interval (21 days or less) and of 66% for the longest interval (more than 21 days apart) ( Table 5 ). The highest Kappa value of the study (k = 0.54) was obtained when the questionnaire and the physical examination were administered 21 days or less apart. The better agreement observed with the shortest period (21 days or less) between the administrations of the two tests was reflected in both cases and non-cases, however, none of the comparisons reached statistical significance because of the limited sample size (p-values were respectively 0.10 for global agreement, 0.30 for agreement among cases and 0.31 for agreement among non-cases). For both periods, the percent agreement was higher among cases compared to non-cases. A higher sensitivity was also observed when the questionnaire and the physical examination were administered within 21 days (sensitivity = 75%) than over 21 days (sensitivity = 56%).
Discussion
In this study of VDU users, the agreement between a selfadministered questionnaire on musculoskeletal disorders of the neck-shoulder region and a physical examination of the same region was examined in a sample of university clerical workers. Prevalence figures observed with questionnaire definitions were lower than those obtained from physical examination definitions. Results show an overall Kappa of 0.44 and a global agreement of 72% between the two instruments. The agreement was not substantially improved by the addition of questionnaire criteria related to functional limitations. The agreement diminished when the physical examination definition excluded the manifestation of pain. The percent agreement tended to be higher among cases than among noncases. Higher agreement was observed with shorter time lapses between the administrations of the tests.
In order to be valid, a measure must first be reliable [44] . The questionnaire used here was adapted from questionnaires used in previous studies [9, [28] [29] [30] [31] . Some items were taken from the Standardized Nordic Questionnaire, which showed an acceptable degree of reliability for the neck-shoulder region [27, 28] . Furthermore, previous studies suggested that questions related to the presence, duration and intensity of symptoms provide reliable information on musculoskeletal symptoms [27, 28, 45] . Thus, it is reasonable to consider that the questionnaire used in the present study had an acceptable level of reliability. Abbreviations: Sn = sensitivity; Sp = specificity (1) Cases based on questionnaire definition. Agreement among cases corresponds to the positive predictive value. (2) Non-cases based on questionnaire definition. Agreement among non-cases corresponds to the negative predictive value. Abbreviations: Sn = sensitivity; Sp = specificity (1) Cases based on questionnaire definition. Agreement among cases corresponds to the positive predictive value. (2) Non-cases based on questionnaire definition. Agreement among non-cases corresponds to the negative predictive value.
Previous studies also provide evidence of construct validity of subjective symptoms reported in questionnaires [46] . Also, VAS are considered among the best instruments to measure pain [32] . To reduce the impact of potential error in recall in this study [44] , only symptoms in the last seven days were considered. Furthermore, the fact that the questionnaire prevalence of musculoskeletal disorders in the neck-shoulder region was comparable (17%) to what was observed in previous studies on VDU workers [15, 21] provides further support for the validity of outcome measures obtained from the questionnaire.
The results of the current study suggest a fair to good agreement between the presence of neck-shoulder disorders ascertained by self-administered questionnaire and physical examination. This finding is in accordance with those obtained in previous studies comparing data from questionnaire with clinical examination to identify cases of neck-shoulder disorders [16, 19, 23, 24] . These earlier studies have concluded that self-reported neck-shoulder symptoms by questionnaire gave fairly-good to good picture of the neck-shoulders disorders prevalence.
According to previous studies, tests used in physical examination, especially measurement of range of motion and manual muscle testing, have poor to good reliability [47] [48] [49] [50] [51] [52] [53] . However, the use of a rigorous standardized protocol, pretested by the examiner at the beginning of the current study, and the fact that only one person examined all the workers favored reliability. In their literature review, Gajdosik and Bohannon (1987) concluded that there was acceptable content validity for the measurement of range of motion [47] . Nevertheless, the comparisons in the present study might have been compromised at least in part by measurement error which could explain some lack of association with symptoms.
The Kappa statistic provides a measure of agreement that corrects for the agreement that would be expected by chance alone [54] . Global percent agreement was presented as well. According to suggested classifications [37, 41] , all Kappa values reported in this study are relatively low. However, the Kappa statistic is strongly influenced by the prevalence of the phenomenon under study, which is determined by the observed proportion of individuals who fall in each category of the classification table. For a given observed proportion of individuals, Kappa gets its highest value when the expected proportion of positive individuals is small [55] . In this study, the expected proportions were high. This may have led to an underestimation of the true agreement beyond chance [55, 56] .
The different questionnaire definitions permitted the assessment of the influence of functional limitations on the agreement. The definition that included limitations in ADL gave similar agreement values when compared to the primary definition. On the other hand, definitions that included limitations in work, household and leisure activities resulted in poorer agreement. The lack of improvement in the agreement observed with the addition of functional limitations criterion may be explained by the fact that the questionnaire definition was already somewhat restrictive (pain reported in the neck-shoulder region for at least three days during the last seven days, with the worst pain intensity greater than 50 millimeters on the 100-millimeter VAS). Under these circumstances, the addition of the ADL limitations may not have contributed more information than the primary definition. Alternatively, the physical examination findings may not correspond closely enough to the domains that limit ADL. Furthermore, limitations measured in a dichotomous format (yes/no items) may not have been sufficiently sensitive in comparison to the more refined ADL limitations question. Finally, low prevalence figures (with more restrictive definitions) lead to lower Kappa values.
The inclusion of criteria related to functional limitations enhanced agreement among cases and reduced agreement among non-cases. Limitations in work and household questionnaire definitions resulted in as much as 92% and 95% agreement among cases respectively. These results suggest that the combined use of physical examination and questionnaire items that include functional limita- Abbreviations: Sn = sensitivity; Sp = specificity (1) Primary definitions were used in estimating the agreement. (2) Cases based on questionnaire definition. Agreement among cases corresponds to the positive predictive value. (3) Non-cases based on questionnaire definition. Agreement among non-cases corresponds to the negative predictive value. (4) None of the comparisons reached statistical significance (χ 2 test).
tions is useful when one wants to identify specifically cases that would be confirmed with physical examination.
Results showed more workers with limitations in activities of daily living than workers with limitations in work activities. This might suggest that, in order to maintain themselves at work, workers with musculoskeletal disorders reduce their usual daily activities or they may learn to compensate in order to maintain ADL until much later in the disease process. It might also suggest that workers with musculoskeletal problems that manifested at work have already left work, due to the healthy worker effect [57] . Individuals most likely to show limitations in range of motion or in muscular strength on physical examination and to report limitations in work activities on questionnaire were thus not included in this study.
According to our results, the measure of pain intensity provoked by specific maneuvers during the physical examination offered the best agreement when compared with the self-administered questionnaire. A low agreement was obtained with the physical examination definition based solely on decrease in range of motion or muscular strength. These results are consistent with the hypothesis that musculoskeletal disorders are progressive and that patients may have symptoms before objective physical findings appear [58] . Also, cases defined by physical examination of range of motion and muscular strength may have been overlooked by the questionnaire; this would be consistent with previous studies that showed a low correlation between pain intensity and extent of tissue damaged [59, 60] .
The definition based on questionnaire may not measure the same concept than the physical examination. While the physical examination measures the integrity and the absolute performance of the structures and tissues, selfreported symptoms are based on actual performance and sensation, much affected by pain perception. This distinction is supported by the large impact that pain has on the agreement. The results of this study suggest that pain intensity is an important feature in the agreement between a questionnaire on musculoskeletal disorders and a physical examination and support the construct validity of a case definition based on symptoms.
The higher prevalence of findings in the physical examination than in questionnaire might be due to the selection criteria used to define non-cases according to the questionnaire. Given that the questionnaire definition was somewhat restrictive, some non-cases were not totally free of symptoms. Indeed, 26 of those 102 workers classified as non-cases according to the primary questionnaire definition had symptoms in the week prior to the questionnaire. This could have lead to a classification bias and could have attenuated the true associations with physical examination.
The time interval elapsed between the administrations of the two tests ranged from two days to six months. Better agreement (k = 0.54) was observed with a smaller time interval (21 days or less). The temporal variability present in musculoskeletal disorder symptoms and the fact that severity of pain in musculoskeletal disorders can vary from day to day depending upon the types of activities the person has engaged in [45] are inherent difficulties for the measure of agreement between two tests [46, 61] . The longer interval between the tests might have allowed time for real changes in symptoms and consequently may have contributed to the relatively limited agreement found in this study. These results are consistent with those of Björk-stén et al. (1999) who observed that shorter reference period for reporting musculoskeletal problems yielded better agreement between a questionnaire and a physical examination [19] .
Finally, the current study's population consisted mainly of employed clerical women, thus the generalizability of the results is limited to similar populations.
Conclusion
In conclusion, the results of this study show that the agreement between a questionnaire on musculoskeletal disorders for the neck-shoulder region and a physical examination is fair to good. Inclusion of items related to functional limitations in questionnaires appears to be of limited value to improve the agreement. It is the physical examination definition that included pain manifestations that offered the best agreement with the questionnaire. A shorter time interval between the administrations of the two tests also yields a better agreement. Investigators should consider these results before choosing a method to measure the presence of musculoskeletal disorders of the neck-shoulder region. 
